This review is written to take into account the rapid development in the taxonomy and phytochemistry of Chrysothamnus species. The article reviews the usage and biological activities of Chrysothamnus compounds, as well as recent progress regarding the use of this genus in clinical research.
Rabbitbrush (Chrysothamnus ssp., Asteraceae) is a common shrub in xeric habitats of western North America [1] . A number of sagebrush desert plant species, which are not attacked by beetles, were examined for antifeedant activity. Preliminary experiments demonstrated a strong antifeedant effect of rabbitbrush (C. nauseosus) on the larvae of the Colorado potato beetle [2] , and the occurrence and antifeeding activity of four new C-10 polyacetylenes from C. nauseosus has also been reported [3] . The same polyacetylenes were isolated from C. parryi [4] . The bicarbonate-soluble portion of the chloroform extracts of C. nauseosus also exhibited significant (threshold less than 40 mg/cm 2 ) antifeeding behavior in third-instar Colorado potato larvae [3] . The latex of several species contains rubber of fair quality, that of C. nauseosus being reported to yield 2.8-6.5% [5] . Rabbitbrushes have potential uses in landscape plantings, especially with the recent emphasis on xeriscaping. Rubber rabbitbrush has also been examined as a commercial source of natural rubber and other plant secondary metabolites, such as resins [6] . Amerindians used the Chrysothamnus plant as a masticatory. The Shoshone took the steeped leaves as a tea for colds, coughs, and stomach disorders, and the steeped dried flowers and/or leaves as a general tonic. Roots and tops were boiled together for hematochezia. The plant shows slight bactericidal activity. In small doses, the extracts lowered the blood pressure briefly in rabbits. In large doses, the fall in blood pressure was pronounced, accompanied by circulatory and respiratory failure (minimum lethal dose, 2.3 mL/rabbit) [7] . The organic extract of C. nauseosus has been overlooked as a source of bioactive compounds, but it showed activity in the treatment of Mycobacterium smegmatis, a close relative of M. tuberculosis [8] . C. nauseosus (rubber rabbitbrush) has the potential to be an economically feasible crop. This plant produces significant quantities of secondary chemicals and is a large shrub able to grow in a wide range of environmental conditions. Ten geographically distinct populations of C. nauseosus ssp. hololeucus were analyzed by random amplified polymorphic DNA (RAPD) analysis using bulked genomic DNA. A DNA extraction procedure was modified for use with C. nauseosus, and produced ample quantities of good quality DNA for RAPD analysis. The high level of genetic variation could be used in breeding programs to increase the value of this shrub as a crop species. RAPD markers are easily identifiable and could be linked to important traits. The numerous subspecies of rubber rabbitbrush are tolerant to many environmental stresses, such as drought, salinity, poor soils, and cold temperatures.
Taxonomy
The genus Chrysothamnus is a widespread genus found over much of western North America. Some species are subdominant in sagebrush desert and desert grassland; others are truly montane [1] . The early nomenclatural history of the genus was summarized by Hall and Goodspeed (1919) . They recognized 4 sections, 12 species, and 40 subspecies [9] . Subsequent work has resulted in increasing the number of sections, species and subspecies to 5, 16 and 41, respectively [10] . A number of the species of Chrysothamnus, particularly C. nauseosus, contain rubber up to 7% dry weight. The average molecular weight of the rubber varies with the species [11] .
The resin content of Chrysothamnus may be as high as 35% in some species [12] and the resin has potential use as a plastic extender [13] . The resin, located in the leaves and in the glandular trichomes, contains a range of terpenoid compounds, including monoterpenes and pregnanes [11] . The ultrastructure of the chloroplasts of white rubber rabbitbrush (C. nauseosus (Pallas) Britt. ssp. albicaulis) was observed by electron microscopy [14] . In addition, the leaf anatomy was observed with light microscopy. Previously, it had been reported that the leaves of this desert shrub exhibited a relatively high rate of photosynthesis when compared to other C3 plants. Basic aspects of photosynthesis were investigated in white rubber rabbitbrush (C. nauseosus (Palla) Britt. ssp. albicaulis) [15] .
Phytochemistry
From 16 Chrysothamnus species described, only 6 have been chemically studied. Preliminary feeding experiments indicate that C. viscidiflorus is toxic to stock. Other species constitute desirable range forage. Fortunately, Chrysothamnus viscidiflorus appears to be the least palatable [16] . Particular attention has been given to the study of diterpenes, flavonoids, p-coumaric acid, acetylenes and a little to other constituents.
Diterpenoids: Diterpenes were identified from the airdried plant materials of Chrysothamnus species. They constitute the major part of the ether-soluble components of the Chrysothamnus decoction. The majority of them are labdane-derivatives [3, [17] [18] [19] [20] , in addition to grindelane derivatives [3, 21, 22] . Ent-labd-8 (17) , 13E-dien-15-ol-18-oic acid (viscidic acid A) (1) and ent-labd-8 (17) , 13E-dien-15-acetoxy-18-oic acid (viscidic acid B) (2), in addition to known compounds (3-10) were isolated from C. viscidiflorus [17] . Only one known labdane (11) (15) , in addition to known compounds (16) (17) (18) (19) (20) (21) (22) , were isolated from C. nauseosus, [23] . Chrysothame (23) was isolated for the first time from an ether extract of C. paniculatus [3, 22] , in addition to known compounds (24-38) [20] [21] [22] . Moreover, many diterpenes were isolated (39-52) by Hoffman [20] and Bohlmann [23] . The three flavanones that have been described to date in Chrysothamnus are 5,6-dihydroxyflavanone (82), 5-methoxy-7-hydroxyflavanone (83) and 5-hydroxy-6,7-dimethoxyflavanone (84). In addition, the acylated derivative of compound 84 (5-acetoxy-6,7methoxyflavanone (85) was isolated from the etherlight petrol extract(1:2) of C. nauseusus [23] . [24] . These four natural products were not separated, but were converted into their methylated derivatives (93b-96b), which were separated by chromatography and characterized by 1 H and 13 C NMR spectroscopy and MS.
Flavonoids
Chromanones are rarely found in Chrysothamnus species. From the Et 2 O-light petrol (1:1) extract of C. viscidiflorus, three new chroman-4-one derivatives were isolated: 6-(2-acetoxyacetyl)-2,2´-dimethylchroman-4-one (97), 6-(2-hydroxyacetyl)-2,2´dimethyl-chroman-4-one (98), 2,2´-dimethyl-6carboxylic acid-chroman-4-one (99) and the methyl ester of (99), which was obtained after addition of an ethereal diazomethane solution (100) [26] . The acetophenone, 101, and the unusual mhydroxyacetophenone, viscidone, (102) were isolated for the first time from C. viscidiflorus. Viscidone (102) was also transformed to its diacetate (103) after treatment with acetic anhydride in 4-pyrrolidinopyridine [26] . The m-hydroxyacetophenone aldehyde (104) was isolated from an ether-light petrol (1:1) extract of C. parryi [4] .
A group of cinnamic acid derivatives has been isolated from this genus [18] . Several E-and Z-configured cinnamic acid derivatives were obtained from the aerial parts of C. pulchellus. The MeOH-H 2 O-light petrol (1:1:1) extract gave 12 geranylated cinnamic acid derivatives, isolated for the first time as their methyl esters [18] . Acetylenes: Four polyacetylenes were isolated for the first time from the chloroform extract of C. nauseosus: methyl 2(Z), 2(Z)-10-acetoxymatricariate (118), methyl 2(Z), 8(Z)-10-hydroxymatricariate (119), methyl 2(Z)-10-acetoxy-8,9-epoxydecen-4,6diynoate (120) and methyl 2(Z)-10-hydroxy-8,9- [4] .
Essential oil:
The oil occurs chiefly in the leaves and small twigs; none was detected in the roots. The amount of oil present in Chrysothamnus was least in the sample gathered in February (0.39%); this amount increased until it reached a maximum in October (0.98%). Forty-eight compounds were identified in the essential oil of southwestern rabbitbrush, including sesquicineole, β-phellandrene, (Z)-β-ocimene, β-pinene, (E)-β-ocimene, β-caryophyllene and γ-cadinene [27, 28] . Bisabolene derivatives (144 and 145) were isolated from C. viscidiflorus, in addition to 146 isolated from C. parryi [4] Miscellaneous constituents: Only one β-naphthol, namely 7-methyl-β-naphthol (147), was isolated from C. parryi, in addition to the acetylated product 148 [4] . p-Hydroxyacetophenone (149) and elemicin (150) were extracted from C. viscidiflorus [17] . A cinnamic acid derivative (151) was isolated from C. parryi [4] . Scopolin tetraacetate (152), 7-hydroxy-6-methyl-hepta-5-ene-2-one (153) and 6-hydroxy methyl-hept-6-ene-2, 5-dione (154) were recently obtained from C. viscidiflorus [29] . A number of sesquiterpene compounds were isolated for the first time from C. parryi (155-158) and recently from C. viscidiflorus (159-163) [4, 29] . 
